Over the past few years, it has become increasingly common to use 3D digitization and modeling for 3D remodeling of cultural heritage. The most commonly used technologies include surveys, CAD tools, and traditional photogrammetry with control points. These approaches are, however, timeconsuming and can be costly, and therefore may impractical for large-scale sites. 3D modeling using point-clouds from laser-scanned data and more automated imagebased modeling have become possible. Photogrammetry is one of the most costeffective approaches we could use to gather the physical information of an object, because data can be collected using a consumer level digital camera. However, it also has its drawback in the level of accuracy. Wondering whether the 3D model created using photos would be acceptable for the use of construction planning, we created a 3D model of a historical building in our campus, which was under renovation, and investigated how the 3D model was appreciated by architects and contractors working on the renovation project. We measured the accuracy level of the 3D model, and identified the deficiencies of this approach. This paper presents our findings and responses from the construction professionals who reviewed the 3D model in the BIM/CAVE.
INTRODUCTION
American Society for Photogrammetry and Remote Sensing (ASPRS) defined photogrammetry as "the art, science, and technology of obtaining reliable information about physical objects and the environment through processes of recording, measuring and interpreting photographic images and patterns of recorded radiant electromagnetic energy and other phenomena." The primary purpose of a photogrammetric measurement is the 3D reconstruction of an object in digital form or graphical form (Luhmann 2007) .
Applications of close-range photogrammetry could be categorized as the following five groups (Dai 2009 ): architecture and heritage preservation, engineering application, industrial application, forensics and accident reconstruction, and medical application. It is also very interesting to know that Knott Laboratory, Inc. has utilized photogrammetry techniques to determine a vehicle's equivalent barrier speed during a car accident, including Princess Diana accident in France (Fenton and Ziernicki 1999) .
Photogrammetric technique has also been applied in construction industry. Abeid et al. (2003) integrated MS Project with digital site photos to improve managerial and operational capabilities. Kim and Kano (2008) compared construction photographs and the corresponding virtual reality images to check actual site progress against designed models. Memom et al. (2005) integrated 3D CAD drawings with digital images to monitor construction progress enabled project management team to better track and control the productivity and quality of construction projects. It has also been used to measure the differences on building products between to temporary stages. To evaluate earthquake-induced building damage, Kamat and El-Tawil (2007) superimposed previously stored building information onto a real structure in augmented reality. Structural damage can then be quantified by measuring and interpreting key differences between the real and augmented views of the facility.
Objectives
It is becoming more and more common to reconstruct cultural heritage with 3D modeling techniques. The most common ways to collect data regarding as-is condition of a building are hand measurement, 3D laser scanning, total station, or utilizing photogrammetry technique. Hand measurement is impractical for large or complex structure in term of time consumption and cost.
It is not practical to use laser scanning as the only technique to record the entire building and details for complex or large architectural objects, because it requires large numbers of scans and produce a huge number of points even for a flat surface. On the other hand, it is hard for image-based modeling to deal with irregular and sculpted objects (El-Hakim et al. 2004 ). Thus, in many complex or large architectural objects, photogrammetry and laser scanning have been combined with each other to satisfy all the project requirements (Abdelhafiz 2009 ).
In certain researches, image-based modeling techniques and laser scanning techniques are combined in a way that using photogrammetric approach to determine the basic shapes, and using laser scanning to determine the fine details (El-Hakim et al. 2004; Arias et al. 2005) . Two models, basic shape model and detail model, are generated from two or several different applications. Certain parts of both of the models could be matched and integrated into one model. Then common points (control points), usually 8 to 10 points, from two models will be measured and used to register in the same coordinate system. Then, points from the laser scanned model along its perimeter could be inserted into the image-based model automatically within certain applications (El-Hakim et al. 2004) .
Even though combining the use of a total station or a laser scanner with photogrammetry may bring a very precise result, it will also cost additional money and time to obtain the data and generate the model (Bohler and Marbs 2004) . Furthermore, it is impractical to use this combination of techniques recording buildings with complex interior, for example school buildings and office buildings which have lots of rooms. It simply because of it may take too many times of scanning which could be time-consuming and operational unfriendly.
There are lots of projects have already benefited from using 3D laser scanner for recording 3D as-built condition of existing structure (Alshawabkeh 2006; Boehler and Marbs 2002) . However, photogrammetry has never been used actively to achieve a 3D model of a building's interior in the construction industry although it has been regarded as the most cost-effective, flexible, and portable approach in terms of getting a 3D model. Based on pervious discussion, following question is proposed: 1) Is it possible that a 3D image-based building model could be created without using laser scanner or a total station? 2) Is 3D building model created from photographs without utilizing other technology, such as laser scanning, acceptable for owners, architects, or construction professionals?
IMAGE-BASED 3D MODELING

Image-based system data acquisition
In this research, image-based system data acquisition has been defined as taking photos. The photos will be used for generating panoramas for interior sections in the following step.
In order to keep the data collection process and the data well organized, the first floor of the building was divided into twenty sections. They are seven hallway sections, one stairwell section, and twelve room sections. Figure 1 shows the floor plan and section plan of the building.
Figure 1. Floor plan and section plan
A Canon EOS Rebel T3i Digital Single-Lens Reflex camera with EF-S 18-55mm lens was selected as the equipment for photo shooting. The camera was set up on a tripod with a panoramic pan head, and it was located at the center of each section. Photos for each section were shot row by row to achieve a full 360° × 180° view of the scene. The camera also needs to be tilted up and down to capture different rows of images. Figure 2 (top view) shows eight images per row captured at 45° increments and Figure 3 (side view) shows four rows of images captured at 45°, 15°, -15°, -45° pitch.
Sticky notes were adopted to make sure the camera was neither tilted too much which could not cover the entire object, nor tilted too less which will lead to more pictures. Photos were shot from the top row. After taking the first row of images, a sticky note will be posted on the wall and close to the bottom of the field of view of the camera (Figure 4 ). Then the camera will be tilted down for certain degree. The sticky note will be near the top of the field of view after the camera was tilted down ( Figure 5 ). Number of rows and number of photos per row depend on length, width, and height of the section and focal length of the lens meaning that number of photos may vary from time to time. 
Image processing
Autodesk Stitcher was used to generate panoramas for each individual section using photos taken in the previous step. There are five phases to generate panoramas with this particular application. They are loading images, stitch images, align the viewing horizon, equalizing images, and render and export panorama (Autodesk Inc.,2008) .
In most cases, the software could successfully generate panoramas automatically. However, due to the lack of texture and contrast of some of the walls, some photos cannot be stitched automatically. In order to overcome such situation, some of the photos were stitched manually.
Image-based 3D modeling
3D image-based modeling is the most comprehensive step in this modeling process. It not only includes sectional modeling, but the assembly of sectional models as well. Multiple software is used in the step. They are Autodesk ImageModeler 2009 for sectional modeling, Autodesk 3Ds Max for changing the file type, and Autodesk Navisworks for sectional models assembly. 
Sectional modeling
Five phases are needed to deliver a textured 3D sectional model within this modeling process. They are loading image, image calibration, modeling, texturing, and export (Autodesk, Inc. 2009 ).
The sectional modeling process starts with loading a sectional panorama in to the application. Then, a coordination system was given to the panorama to define a 3D space of it. Figure 6 shows a defined panorama with its X, Y, Z axis and helper axis. To choose an easy-defined and clear corner where the three axes meet is never fail to be a good decision, and it would be good to choose the edges of walls as axis.
Figure 6. Image calibration
After the coordination system has been defined, polygon was adopted to create model of the section according to the associated panorama. Figure 7 , 8, 9, 10 shows different functions have been utilized for different elements of the section. The modeling process starts from the origin point of the 3D space. Furthermore, to ensure the model with the right shape, axis references have been given priority than panorama references which may be distorted. Next step of creating a sectional model is to retrieve texture from panorama to associated polygon. First thing to do is to creating a mapping group. Then, the texture could be extracted for the mapping group by selecting the texture size and extraction mode, Figure 11 .
Figure 11. Extracting texture from panorama
Changing the file type
Because of the incompatibility between the file type of sectional models and Navisworks which was chose to assemble the section models, 3ds Max was used to convert the original file to *.nwc file.
Sectional models assembly
Autodesk Navisworks was used for sectional models assembly. All sectional models were assembled into one integrated 3D textured model of the first floor of the building's interior. The sectional models were loaded into Navisworks one by one, and they were scaled to right size according to the dimensions measured with the sonic laser tape measure. The assembly of any two conjoint sectional models was according the texture, edges, and door frame share by both of them. After all, an existing CAD drawing was loaded and overlapped with the integrated model to compare against each other (Figure 12 ).
Figure 12 Integrated model 3D IMAGE-BASED MODEL ASSESSMENT
The assessment of the 3D model was divided into two phases. They are difference comparison and interviews.
Difference comparison
The dimensions of 3D sectional models generated using photos are compared against the existing CAD drawings provided by the University repository.
A total of 38 distances in both image-based 3D model and existing drawings were measured and compared. The measurement of these items and the difference between them are shown in the following Table 1 . Following equations are used in Table 1 :
The mean (μ) and the standard deviation (σ) of all differences are 0.87% and 8.14% respectively. After eliminating the outliers with 95% confidence, the mean and standard deviation are -0.43% and 4.33% respectively. Then, the dimensions are grouped into four groups which are 0<X1<150, 150<X1<250, 250<X1<400, and X1>400. Mean and standard deviation for each group are calculated again. The result shows that when a length of a section is less than 150 inches or more than 400 inches the accuracy level of the model drops. The reason for this inaccuracy may result in the distortion of panoramas, or the operator's mistakes when creating the model using panoramic photos.
Interviews
Interview design
A phenomenological study was employed in this research to evaluate the acceptability of the 3D model generated from photographs. Six participants were invited to the BIM CAVE and went through two 3D models, a BIM model generated by project architects, and the 3D image-based model. Interviewees includes a senior associate and project architect, a project manager in an educational institution in Texas with experience as an architect and construction professional, an associate professor with experience as an architect and construction professional, an assistant professor with experience working as a field manager in real estate industry, a Ph.D. student with an experience to run a construction company, and a graduate student of construction science.
The following questions were asked by the researcher to the interviewees during the interview sessions: 1) Describe the differences of the two 3D models, and describe the feeling while you were in two different models; 2) If the image-based 3D model is available for you to use, what do you think you can use it for? What decisions do you think you can possibly make using it? 3) How much time and money do you think you can invest on this model?
Interviews result
All of the interviewees felt that the image-based 3D model portrayed the existing condition of the building very well with more sense of reality and more detail information comparing with traditional CAD drawings or BIM models, for example the location of outlets, view out of the windows, texture of interior walls, and they can even tell the pipe behind the wall is leaking water because they can easily see waterlogging on the wall by reviewing the image-based model.
Most of the interviewees considered an image-based 3D model could be an effective tool to start a renovation project. First of all, it provides a general idea of the existing conditions of the building and general location of walls, doors, and windows, especially when you do not have any drawing to start with. Also, it could be a good survey tool comparing with taking pictures and taking field notes. Furthermore, it is not only a good depiction of what is going to be changed in the perspective of architect; it also gives the demolition contractor an reference to verify the existing condition, as well as the utilization of space from the owners' stand point.
This model could also reduce the number of visiting the actual space to know about the general condition of the space, general dimension of the space and the function of the space. In the owner's point of view, it could save their tenants' building occupancy time for them to give tours to show the existing conditions. In the architects' point of view, it helps them put themselves in the site. In practices, architects do two to four walks of the existing site, but with this availability, they could save several visits since the photogrammetric model is the existed walk through of reality.
Some of the interviewees also mentioned that it could be a good tool for a coordination meeting or a pre-bid meeting. For example, if the architect is in Dallas, the owner is in College Station, and the contractor is in Houston, they can still walk through together in the image-based 3D model and talk about the issues that they are interested in. Also, if the owner could provide the model to different groups who would propose the architectural design, it could help architects get a very good idea about the existing condition of the building at the save time saving the time of having a tour.
It is also been mentioned that image-based model could also be used as a facilities management tool and a marketing tool.
Regarding the time consumption and cost of the 3D image-based model, most of the interviewee compared the 3D image-based model against as-built plan generate by architects, and they think the image-based model should be either time-saving or budget-saving to make it practical or valuable comparing against the most common way which includes hand measurement and AutoCAD modeling.
CONCLUSION
This research investigated 1) how we can create a 3D image-based model without using any other technology such as laser scanning, and 2) owners, architects, or construction professionals' attitude toward this 3D image-based model.
By practically modeled the entire first floor of the target building's interior with a set of software including using Stitcher Unlimited 2009 generate sectional panoramas, using ImageModeler create 3D sectional image-based models, and using Navisworks scale and assemble all the sectional models to deliver an integrated 3D image-based model, and conducting interviews the following conclusions have been made.
Image-based 3D model portrayed the existing condition and details of the building very well. The time consumption for generating the photogrammetric model is expected to be less than or at least the same as the time consumption for architects to generate a set of as-built plans or drawings. The cost of the model is hard to be determined through interviews. However, some of the interviewees considered that the cost of generating the image-based model should not more than the cost for architects generating the as-built drawings.
